A study of the microbial utilization of long-chain methyl ketones was undertaken. In general, enrichment culture experiments revealed that soil microorganisms capable of utilizing these compounds as growth substrates are ubiquitous. Gramnegative, rod-shaped bacteria were the prominent organisms exhibiting this capability. In particular, a strain of Pseudomonas isolated from soil degraded 2-tridecanone into several products that were recovered from cell-free culture fluid. These products were identified by gas-liquid chromatography as 2-tridecanol, 1-undecanol, 1-decanol, and undecanoic acid. A large amount of the substrate was converted to 1-undecanol. This compound was characterized further by classical methods of organic analysis. Unequivocal identification of 1-undecanol has established that some unique mechanism that involves subterminal oxidation must exist to degrade 2-tridecanone. No such mechanism has been reported for the biological degradation of long-chain, aliphatic, methyl ketones. A pathway for utilization of 2-tridecanone was proposed that is consistent with, but not confirmed by, the data presented.
A direct biological origin for long-chain, aliphatic, methyl ketones is firmly established. These compounds have been identified from such diverse natural sources as plants and essential oils (2, 26) , milk and dairy products (3, 24) , and insects (9) ; their formation is well known in mammals (7) , fungi (5, 6, 10) , and bacteria (20) . Moreover, methyl ketones do not accumulate to any great extent in the biosphere, and, consequently, their efficient utilization by microorganisms is established indirectly [but see Morrison and Bick (23) ]. Yet, little is known about the degradation of methyl ketones other than acetone, and virtually nothing is available regarding the mechanism of this degradation for any biological employed have shown that this group of compounds can support growth (13, 20) , is oxidized in the presence or absence of growth (18, 20) , and is reduced to secondary alcohols (6) . In 1963, the first direct isolation and identification of an intermediate formed by bacterial oxidation of a methyl ketone was reported by Lukins and Foster (20) . These authors isolated and characterized acetol as a product of acetone degradation by a mycobacterium; presumptive evidence was presented for 1-hydroxy-2-butanone from 2-butanone. On the basis of these data, and by analogy with other data concerning oxidation of similarly structured hydrocarbons, Lukins and Foster envisaged a general relationship for bacterial utilization of compounds possessing saturated chains and terminal methyl groups, namely, methyl-group oxidation. Specifically, primary attack on saturated compounds with terminal methyl groups would be oxidation of one or both of these groups. It was inferred that this mode of primary attack might be the major, if not exclusive, mechanism employed by bacteria to degrade such compounds.
Studies outlined in this paper deal mainly with the catabolism of a long-chain methyl ketone, 2- Organisms and cultural. A number of organisms were isolated from various soils by use of 2-heptanone, 2-octanone, 2-nonanone, 2-decanone, 2-undecanone, and 2-tridecanone as selective substrates in the basal-salts medium of Dworkin and Foster (4) . Enrichment cultures were incubated at room temperature (25 to 30 C) without agitation.
One organism, which was isolated on 2-tridecanone, was partially characterized by one of us (F. W. F.). All cultural and biochemical characteristics were determined at 30 C except growth temperature requirements, which were determined at 28, 30, 37, and 42 C on nutrient agar slants, on meat infusionagar slants, and in nutrient broth. Results were recorded after several transfers at each of these temperatures. Flagella were stained by the method of Bailey as modified by Fisher and Conn (29) . Pigment production was examined on the media of King, Ward, and Raney (15) . Sensitivity to antibacterial agents was determined on nutrient agar plates by use of Sensitivity Discs (Difco); the vibriostatic agent, 0/129 (2,4-diamino-6,7-diisopropylpteridine), was tested by sprinkling it on inoculated nutrient agar plates (28) . All biochemical tests were performed by standard methods (29) , except for the following: the Hugh and Leifson (14) test, the Kovacs (17) oxidase test as modified by Klinge (16) , the cytochrome oxidase test of Gaby and Hadley (8) , and the arginine metabolism test of Thornley (32) .
Media for growth experiments consisted of 100 ml of basal-salts medium in 250-ml, cotton-stoppered Erlenmeyer flasks amended with 0.3% of the desired substrate (w/v solid or v/v liquid), unless otherwise indicated. Yeast extract (Difco) and peptone (Difco) at a concentration of 1.0% were dissolved in 100 ml of distilled water and adjusted to pH 7 to prepare these media. KNO3 or KCl03 at 0.5% concentration was used to supplement the media when specified. Largescale growth media consisted of 1 Analytical. To obtain products from ketone degradation, large-scale growth culture fluid was freed from cells, acidified to pH 1, and extracted with ether in a continuous-extraction apparatus for a minimum of 72 hr. Various classes of organic compounds in concentrated extract were detected by thin-layer chromatography on plates spread with Adsorbosil-1 (Applied Science Laboratories Inc., State College, Pa.), developed with hexane-diethyl ether-acetic acid (80:20:1), sprayed with 0.2% ethanolic 2',7'-dichlorofluorescein, and examined with ultraviolet light. These classes of compounds were separated by column chromatography on silica gel H (Merck & Co., Inc., Rahway, N.J.) with the same solvent system as eluent. Further purification of individual column fractions was accomplished by preparative thin-layer chromatography. A major aliphatic alcohol component of ether extracts was purified by fractional distillation under reduced pressure. All purified fractions were analyzed by gas-liquid chromatography on polar, free fatty acid (21) Helium (25 ml/min) was employed as carrier gas. Methyl esters of fatty acids were prepared by the method of Radin, Hajra, and Akahori (25) . Infraredabsorption spectra were obtained with a model 137B Perkin-Elmer spectrophotometer. Samples were analyzed without solvent in NaCl sandwich cells. Refractive indices were determined with an AbbeSpencer refractometer. Pseudosaccharin ether derivatives were synthesized by the method of Meadoe and Reid (22) , and meta-nitrophenylcarbamate derivatives, by the method of Hoeke (12 (14) . A neutral reaction was observed under anaerobic conditions in the arginine medium of Thornley (32) .
On the basis of these observations, the organism was assigned to the genus Pseudomonas (Bergey's Manual) and was designated strain 4G-9. It appears to be a nonfluorescent member of this genus, although it is atypical in certain respects from any of the species described. A more extensive characterization of this organism, based on a recent study of Pseudomonas taxonomy (30), will be forthcoming in a subsequent publication.
Utilization of various carbon sources by pseudomonad 4G-9. Cells grown on 2-tridecanone were checked for their ability to grow on various compounds as sole carbon and energy sources. Results of aerobic growth on several different classes of organic compounds are shown in Table 1 . In addition to the substrates shown, acetate, glucose, and 2-tridecanol supported vigorous growth. In general, it is evident that the longer-chain compounds support more rapid and abundant growth than the shorter-chain compounds. Lukins and Foster (20) reported that short-chain ketones supported better growth of their methyl ketoneproducing strains of Mycobacterium than did long-chain ketones. These results are an exception to our findings, but the data are not strictly comparable; different organisms as well as substrates were involved. Our data do support a suggestion by these authors that an organism isolated for its ability to grow on methyl ketones likewise may attack hydrocarbons. This should not be interpreted as support for their contention that methylgroup oxidation is a common mechanism for degrading hydrocarbons and methyl ketones. Organisms may be found that degrade these substrates by different mechanisms.
Metabolism of pseudomonad 4G-9 in relation to oxygen. A limited number of pseudomonads are capable of respiration with nitrate under anaerobic conditions (31) . Pseudomonad strain 4G-9 can reduce nitrate to nitrite under aerobic conditions. For these reasons, various attempts were made to obtain anaerobic growth of the organism in complex media, containing yeast extract or peptone, and in defined media, containing 2-tridecanone, 2-tridecanol, or aHeilbron ( 11) .
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In addition to the data shown in Table 2 , results of qualitative organic analyses were positive for the hydroxyl function and for primary alcohol. Results in Fig. 1 show an infrared spectral analysis of experimentally derived 1-undecanol compared with analyses of the substrate and of authentic 1-undecanol. Spectra of the alcohols compare satisfactorily with each other. Also, each of these spectra corresponds accurately with published Sadtler standard spectra (27) .
Identification of products recovered after 2-tridecanone oxidation. Preparative thin-layer chromatographic fractions were analyzed by gasliquid chromatography. Identification of individual compounds in each fraction was based both on a comparison of retention time with that of authentic compound, and on an increase in relevant peak height and identity of retention time when standard compound was added and the mixture was rechromatographed. Analyses of of these fractions are presented in Table 3 . Also included is the analysis of 1-undecanol obtained by distillation (labeled distillate 3); no other compounds were detected in this fraction. In each case, correspondence of retention time and a peak height increase occurred upon addition of appropriate known compounds one at a time to these fractions. Additional compounds, besides 1-undecanol, identified in this manner were 2-tridecanol, 1-decanol, and undecanoic acid.
Identification of products recovered after 2-tridecanol oxidation. Occurrence of 2-tridecanol with 1-undecanol, as seen in fraction 3 of Table 3 , suggested some relationship between them: the former might be a precursor of the latter. This possibility was checked by analyzing cell-free culture fluid from 2-tridecanol-grown cells. Gas Mechanisms for methyl ketone oxidation. A reaction mechanism mediating the primary attack on methyl ketones by bacteria has yet to be elucidated, although several have been proposed. In 1941, Goepfert (10) offered evidence for a C1-Q split of acetone, presumably after initial oxidation. Even more convincing evidence for the direct oxidation of acetone was secured later by Levine and Krampitz (19) , who concluded that acetone was oxidized to acetol, then to acetaldehyde and a C1 product, by a soil diphtheroid. More recently, Lukins and Foster (20) advanced their methyl-group oxidation mechanism. All of these mechanisms deal with acetone oxidation; none is directly concerned with the oxidation of long-chain methyl ketones.
We have obtained no experimental evidence that would allow us to propose a reliable mechanism by which 2-tridecanone is attacked and split, but we have raised the possibility that some reaction involving subterminal oxidation is occurring. Further work with our system is required to establish a biochemical basis for occurrence 
